(19) 




Europalsches Patentamt 
European Pat nt Office 
Office europeen d 8 brevets 





EP 1 087 433 A1 



(12) 



EUROPEAN PATENT APPUCATION 

published in accordance with Ait 158(3) EPC 



(43) Date of publication: 

28.03.2001 Bulletin 2001/13 

(21) Application number: 00912923.0 

(22) Date of filing: 29.03.2000 



(51) int. CI. 7 : H01L 21/316, H01L 21/312 

(86) International application number: 
PCT/JP00/01961 

(87) International publication number: 

WO 00/59022 (05.10.2000 Gazette 2000/40) 



(84) Designated Contracting States: 


(72) Inventor: Matsukl, Yasuo 


AT BE CH CY DE DK ES Fl FR QB GR IE IT LI LU 


Tokyo 1044045 (JP) 


MC NL PT SE 






(74) Representative: 


(30) Priority: 30.03.1999 JP 8854399 


Leson, Thomas Johannes Alois, Dlpl.-lng. 




PatentanwSlte 


(71) Applicant: JSR Corporation 


Tledtke-BOhllng-Klnne & Partner, 


Tokyo 104-0045 (JP) 


Bavarian ng 4 




80336 MQnchen (DE) 



(54) PROCESS FOR THE FORMATION OF SILICON OXIDE FILMS 

(57) There is provided a process for forming a sili- 
con oxide film which is useful as an electrical insulating 
film, dielectric film or protective film as used in LSI, thin- 
film transistor, photoelectric converter, photosensitive 
body and the like. The process comprises forming a 
coating film from a potysilane compound represented by 
the formula SinR m (wherein n is an integer of 3 or more, 
m is an integer of n to 2n+2, and a plurality of R's are ^ 
independently a hydrogen atom or an alky I group) and j* 
oxidizing the coating film to form the silicon oxide film. J 
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Descrlptl n 

Technical Field of the Invention 

[0001] The present invention relates to a process 
for forming a silicon oxide film. More specifically, it 
relates to a process for forming asiliconoxide film which 
is useful as an electrical insulating film, dielectric film or 
protective film as used in LSI, thin-film transistor, photo- 
electric converter, photosensitive body and the like. 

Prior Arts 

[0002] Heretofore, a silicon oxide film has been fre- 
quently used as an electrical insulating film, dielectric 
film or protective film in silicon devices including a sem- 
iconductor In general, as processes for forming these 
silicon oxide films, there have been known dry proc- 
esses such as one comprising thermal oxidizing silicon 
in the air, one comprising forming the film by plasma 
CVD using a silane gas or a disilane gas in an oxidizing 
gas such as oxygen or nitric oxide, and one comprising 
forming the film directly from quartz by sputtering; and 
wet processes such as one comprising coating alkoxysi- 
lane such as tetraethoxysilane in a partially hydrolyzed 
sol state on a substrate and thermally decomposing it. 
[0003] However, of these processes, the above dry 
processes to form a silicon oxide film have the following 
problems; that is, (a) since ft is a gas phase reaction, the 
generation of particles of impurities in a gas phase 
causes the contamination of an apparatus or the inclu- 
sion of foreign matters, thereby causing low production 
yield, (b) since the material is in gaseous form, it is diffi- 
cult to form a film having. a uniform thickness on a sub- 
strate whose surface is not smooth, (c) productivity is 
low because the formation of the film is slow, (d) compli- 
cated and expensive radio-frequency generator and 
vacuum apparatus are required in the case of plasma 
CVD, and (e) they cannot be easily applied to a sub- 
strate having a large area. 

[0004] Further, in these dry processes, since gase- 
ous silicon hydride which is highly toxic and highly reac- 
tive is used as the material, it not only is difficult to 
handle but also requires a sealed vacuum apparatus 
since it is in gaseous form. In general, these apparatus 
not only are bulky and expensive but also consume a 
large amount of energy in a vacuum or plasma system, 
causing an increase in product cost. 
[0005] Meanwhile, the above wet process system 
using a sol-gel reaction is a process which comprises 
heating a partially hydrolyzed alkoxysilane to cause its 
dehydration-condensation reaction. Thus, since water is 
produced as the reaction proceeds, a compact silicon 
oxide film cannot be easily obtained, and cracks are lia- 
ble to be produced due to the occurrence of the internal 
stress of the film. Further, since the sol-gel reaction 
requires a high temperatures heating, the process can- 
not be applied to a plastic substrate having low heat 



resistance. 

[0006] Further, JP-B 7-29769 discloses that a sili- 
con oxide film is formed from a film formed of an am ic 
acid containing hydrolyzable silicon atoms by irradiation 

5 of ultraviolet light in the presence of ozone. In this proc- 
ess, since a silicon compound containing an amic acid 
having high heat resistance as an organic component is 
used as the precursor of the silicon oxide film, the film 
can be made thick. This process, however, has a point, 

10 to be improved, which is low productivity caused by a 
large amount of ultraviolet light required to oxidize and 
decompose the organic component. 

Disclosure of the invention 

15 

[0007] It is an object of the present invention to pro- 
vide a novel process for forming a silicon oxide film. 
[0008] it is another object of the present invention to 
provide a process for forming a silicon oxide film that is 
20 suitably used particularly for producing a device having 
a compact silicon oxide film on a substrate having a 
large area. 

[0009] It is still another object of the present inven- 
tion to provide a process for forming a silicon oxide film 

25 easily, which comprises forming a film from the precur- 
sor of a silicon oxide film and processing the precursor 
film in the presence of oxygen and/or ozone. 
[0010] Still other objects and advantages of the 
present invention will be apparent from the following 

30 description. 

[0011] According to the present invention, the 
above objects and advantages of the present invention 
are achieved by a process for forming a silicon oxide 
film, which comprises: 

35 

(1) forming a coating film from a polysilane com- 
pound represented by the formula Si„R m (wherein 
n is an integer of 3 or more, m is an integer of n to 
2n+2, and a plurality of R's are independently a 

40 hydrogen atom or an alkyl group), and 

(2) oxidizing the coating film by at least one oxidant 
selected from the group consisting of oxygen and 
ozone to convert it into a silicon oxide film. 

45 Brief Description of the Drawings 

[0012] 

Fig. 1 shows the MS spectrum of the cyclopentasi- 
so lane obtained in Synthesis Example 2. 

Fig. 2 shows the MS spectrum of the polysilane 
obtained in Synthesis Example 3. 

[0013] The present invention will be described in 
55 detail hereinafter. The polysilane compound in the step 
(1) of the present invention is represented by the for- 
mula Si n R m (wherein n is an integer of 3 or more, m is 
an integer of n to 2n+2, and a plurality of R's are inde- 
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pendentiy a hydrogen atom or an alkyl group), n is an 
integer of 3 or more. In view of the thermodynamic sta- 
bility, solubility and ease of purification of the polysilane 
compound, a cyclic silicon compound with n of about 5 
to about 20 is preferable as th polysilane compound. 5 
When n is smaller than 5, the silicon compound itself 
becomes unstable due to the distortion of the ring and 
difficult to handle, On the other hand, when n is larger 
than 20, a decrease in solubility attrfouted to the cohe- 
sion of the silicon compound can be recognized, 10 
whereby the number of solvents that can be selected 
becomes smaller disadvantageous!^ 
[0014] The plurality of R's are independently a 
hydrogen atom or an alkyl group. When the polysilane 
compound is thermally and/or optically treated, the sift- is 
con-silicon bonds, silicon-hydrogen bonds and silicon- 
carbon bonds of the polysilane compound are cleaved 
to form silicon-oxygen bonds, and the polysilane com- 
pound is eventually converted into a silicon oxide film. 
Preferable examples of the alkyl group include linear, 20 
branched or cyclic alkyl groups having 1 to 10 carbon 
atoms such as methyl, ethyl, n-propyl, t-propyl, n-butyl, 
sec-butyl, t-butyl, n-pentyl, i-pentyl, neo-pentyl, n-hexyl, 
cyclohexyl, n-heptyl, n-octyl, n-nonyl and n-decyl 
groups. A polysilane compound in which some of the 25 
plurality of R's bonded to silicon atoms are hydrogen 
and others are alkyl groups may be used. The total 
number of R's, m, is an integer of n to 2n+2. 
[0015] Illustrative examples of the polysilane com- 
pound include hydrogenated monocyclic polysilane 30 
compounds such as cyclotrisilane, cyclotetrasilane, 
cyclopentasilane, silylcyclopentasilane, cyclohexasi^ 
lane and cycloheptasilane; methylated monocyclic 
polysilane compounds such as monomethylcyclotrisi- 
lane, monomethylcyclotetrasilane, monomethylcy- 35 
clopentasilane, monomethylcyclohexasilane, 
monomethylcycloheptasilane, monomethylcyclooctasi- 
lane, dimethylcyclotrisilane, dimethylcyclotetrasilane, 
dimethyteyclopentasilane, dimethylcyclohexasilane, 
dimethyteycloheptasilane and dimethylcyctooctasilane; 40 
bicycNc hydrogenated silicon compounds such as 1,1'- 
biscyclobutasilane, 1,1-biscyclopentasilane, 1/T-bissi- 
lylcyclopentasilane, 1,1-biscyclohexasilane, 1,1'-biscy- 
cloheptasilane, 1 ,1 '-cyclobutasilylcyclopentasilane, 
1 ,1 -cyclobutasilylcyclohexasilane, 1 ,1 -cyclobutasilyl- 45 
cycloheptasilane, 1 ,1 '-cyclopentasilylcyclohexasilane, 
1 ,1 -cyclopentasilylcycloheptasilane, 1 ,1 '-cyclohexasi- 
lylcycloheptasilane, spiro[2.2lpentasilane, 
spiro[3.3]heptasilane, spiro[4.4]nonasilane, 
spiro[4.5]decasilane, spiro[4.6]u ndecasilane,' 50 

spiro[5.5]undecasiIane, spiro[5.6]undecasilane and 
spiro[6.6Jtridecasilane; polycyclic hydrogenated silicon 
compounds such as hexasila[3]prismane, 
octasila[4]prismane, decasila[5]prismane, 
dodecasila(6]prismane and tetradecasila[7lprismane; 55 
and silicon compounds obtained by partially substituting 
hydrogen atoms of these bicyclic or polycyclic hydro- 
genated silicon compounds with alkyl groups. These 



polysilane compounds can be used solely or in admix- 
ture of two or more. 

[0016] Of these polysilane compounds, the cyclic 
polysilane compound represented by the formula SipH p 
(wherein p is an integer of 6 to 1 4) orthe formula SjqH^ 
(wherein q is an integer of 4 to 6) form the viewpoints of 
solubility and film-formability is preferable. 
[0017] Further, these polysilane compounds may 
be mixed as appropriate with fine particles of metal 
oxides such as aluminum oxide, zirconium oxide, tita- 
nium oxide and silicon oxide as required for the pur- 
poses of improving the crack resistance, chemical 
resistance, hardness and adhesion of the obtained sili- 
con oxide film and keeping the film antistatic. 
[0018] The polysilane compounds used in the 
present invention as described above can be generally 
produced, using monomers having their own structural 
units as raw materials, for example, by the following 
processes; that is, (a) a process comprising poly- 
condensing a halosilane by dehalogenation in the pres- 
ence of an alkali metal (i.e., "Kipping process", refer to 
J. Am. Chem. Soc, U0, 124(1988) and Macromole- 
cules, 23, 3423(1990)), (b) a process comprising poly- 
condensing a halosilane by dehalogenation under 
electrolytic reduction (refer to J. Chem. Soc, Chem. 
Commun., 1181(1990) and J. Chem. Soc, Chem. Com- 
mun., 897(1992)), (c) a process comprising poly- 
condensing a hydrosilane by dehydrogenaiion in the 
presence of a metal catalyst (refer to Japanese Patent 
Laid-Open Publication No. 4-334551), (d) a process 
comprising anionic polymerizing biphenyl-crosslinked 
disilane (refer to Macromolecules, 23, 4494(1990)), and 
(e) a process comprising synthesizing a phenyl- or 
alkyl-substituted cyclic silicon compound by the above 
processes and deriving hydro-substitution product or 
halogen-substitution product thereof by conventional 
processes (for example, Z. Anorg. All. Chem., 459, 1 23- 
130(1979)). These cyclosilane compounds can be syn- 
thesized by conventional processes (for example, refer 
to E. Hengge etal, Mh. Chem. vol.106, p.503, 1975). 
[0019] In the above step (1), the above polysilane 
compound is allowed to form a coating film by coating a 
solution obtained by dissolving the compound in a sol- 
vent The solvent may be any solvent that can dissolve 
the polysilane compound and does not react with it 
Illustrative examples of the solvent include hydrocarbon 
solvents such as n-pentane. n-hexane, n-heptane, n- 
octane, decane, dicyclopentane, benzene, toluene, 
xylene, durene, indene, tetrahydronaphthalene, dec- 
ahydronaphthalene and squalane; ether solvents such 
as diethyl ether, dipropyl ether, ethylene glycol dimethyl 
ether, ethylene glycol diethyl ether, ethylene glycol 
methylethyl ether, diethylene glycol dimethyl ether, 
diethylene glycol diethyl ether, diethylene glycol methyl- 
ethyl ether, tetrahydrofuran, tetrahydropyran, 1,2- 
dimethoxyethane, bis(2-methoxyethyl)ether, p-dioxane 
and tetrahydrofuran; aprotic solvents such as propylene 
carbonate, y-butyro lactone, N-methyl-2-pyrrolidone, 
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dimethyl formamide, acetonitrile, dimethyl sulfoxide, 
methylene chloride and chloroform. Of these, hydrocar- 
bon solvents and ether solvents are pr ferable from th 
viewpoints of the solubility of the cyclic silicon com- 
pou nd and the stability of the solution. Of the two, hydro- 
carbon solvents are more preferable. These solvents 
can be used solely or in admixture of two or more. 
[0020] The concentration of the above solution of 
the polysitane compound is preferably about 1 to about 
50 wt% and can be adjusted as appropriate according 
to a desired silicon film thickness. To the solution, a flu- 
oride-based, silicon-based or nonionic surface tension 
regulator can be added as required in such a small 
amount that does not impair functions as the objects of 
the present invention. Particularly, the nonionic surface 
tension regulator is preferable because it is useful for 
improving the wettability of the solution to the material to 
be coated and the leveling of the coating film and for 
preventing the occurrence of protrusions or orange peel 
on the coating film. 

[0021] Preferable examples of the nonionic sur- 
factant include a fluoride-containing surfactant contain' 
ing a fluoroalkyl group or perfluoroalkyl group or a 
polyether alkyl surfactant containing an oxyalkyl group. 
Illustrative examples of the above fluoride-containing 
surfactant include CgF^CONHC^Hgs, C 8 F 17 SO z NH- 
(C 2 H 4 0) 6 H, C 9 F 17 0(Pluronic L-35)C 9 F 17 , 
C 0 F 17 O(Pluronic P-84)C 9 F 17 and C 9 F 7 0(Tetronic- 
704)(C 9 F 17 ) 2 (wherein Pluronic L-35: product of Asahi 
Denka Kogyo Co., Ltd., polyoxypropylene-polyoxyethyl- 
ene block copolymer having an average molecular 
weight of 1 ,900; Pluronic P-84: product of Asahi Denka 
Kogyo Co., Ltd., polyoxypropylene-polyoxyethylene 
block copolymer having an average molecular weight of 
4,200; Tetronic-704: product of Asahi Denka Kogyo Co., 
Ltd. , N ,N ,N\NMetrakis(polyoxypropylene-polyoxyethy I- 
ene block copolymer) having an average molecular 
weight of 5,000). 

[0022] Specific examples of the fluoride-containing 
surfactants include, presented by trade names, FTOP 
EF301 , FTOP EF303 and FTOP EF352 (products of 
Shin Akita Kasei Co., Ltd.), MEGAFAC F1 71 and MEG- 
AFAC F173 (products of Dainippon Ink and Chemicals, 
Incorporated), ASAHI GUARD AG710 (product of Asahi 
Glass Company), FLORADE FC-170C, FLORADE FC- 
430 and FLORADE FC-431 (products of SUMITOMO 
3M LIMITED), SURFLON S-382, SURFLON SC101, 
SURFLON SC102, SURFLON SC103, SURFLON 
SC104, SURFLON SC105 and SURFLON SC106 
(products of Asahi Glass Company), BM-1000 and BM- 
1 100 (products of B.M-Chemie Co., Ltd.), and Schsego- 
Fluor (Schwegmann Co., Ltd.). 
[0023] Illustrative examples of the polyether alkyl 
surfactant include polyoxyethylene alkyl ether, polyox- 
yethylene ally I ether, polyoxyethylene alkyl phenol ether, 
polyoxyethylene fatty acid ester, sorbitan fatty acid 
ester, polyoxyethylene sorbitan fatty acid ester and 
oxyethylene oxypropylene block polymer. 



[0024] Specific examples of th polyether alkyl sur- 
factants include, presented by trad names, EMALGEN 
105, EMALGEN 430, EMALGEN 810, EMALGEN 920, 
REODOLE SP-40S, REODOLE TW-L120, EMANOLE 

5 3199, EMANOLE 4110, EXEL P-40S, BRIDGE 30, 
BRIDGE 52, BRIDGE 72, BRIDGE 92, ARACEL 20, 
EMASOLE 320, TWEEN 20, TWEEN 60 and MERGE 
45 (products of Kao Corporation), and NONIBOL 55 
(product of Sanyo Chemical Industries, Ltd.). Illustrative 

10 examples of nonionic surfactants other than those listed 
above include polyoxyethylene fatty acid ester, polyox- 
yethylene sorbitan fatty acid ester and polyalkyleneox- 
ide block copolymer. Specific examples thereof include 
CHEMISTAT 2500 (product of Sanyo Chemical Indus- 

is tries, Ltd.), SN-EX9228 (SAN NOPCO LTD.) and NON- 
ALE 530 (Toho Chemical Industries Co., Ltd.). The 
nonionic surfactant is used in an amount of preferably 
0.01 to 10 parts by weight, particularly preferably 0.1 to 
5 parts by weight, based on 100 parts by weight of the 

2Q total of the polysilane compound and the solvent. When 
the amount is less than 0.01 parts by weight, the effect 
of the nonionic surfactant is not exhibited. On the other 
hand, when it is larger than 10 parts by weight, the 
obtained composition is liable to foam and may be ther- 

25 mally discolored disadvantageous^. 

[0025] Further, the polysilane solution composition 
used in conducting the step (1) may contain an anionic 
surfactant or a cationic surfactant instead of the above 
nonionic surfactant. Further, to the above solution com- 

30 position, colloidal silica dispersed in water and/or a 
hydrophilic organic solvent may also be added. The col- 
loidal silica is used for increasing the solid content of the 
above polysilane solution composition, and the thick- 
ness of the coating film obtained can be controlled by 

35 the amount of this component. 

[0026] When colloidal silica is used, it is preferable 
that a solvent be selected and used in consideration of 
compatibility with colloidal silica. Further, the polysilane 
solution composition may be mixed as appropriate with 

40 fine particles of metal oxides such as aluminum oxide, 
zirconium oxide and titanium oxide for the purposes of 
preventing the gelation of the composition, thickening 
the composition, improving the heat resistance, chemi- 
cal resistance, hardness and adhesion of the cured 

45 product obtained and keeping the cured product anti- 
static. 

[0027] When the step (1 ) is conducted, the polysi- 
lane solution composition is coated on a substrate by 
such methods as spray coating, roll coating, curtain 

so coating, spin coating, scree n printing, offset printing and 
ink-jet printing in such an amount that the coating film 
should have a thickness of preferably 0.01 to 10 ym, 
particularly preferably 0.1 to 5 \un when dried. By heat- 
ing the substrate in the air using such heating means as 

55 hot plate or oven at temperatures of preferably 50 to 
300° C, more preferably 100 to 200° C, for 10 to 120 
minutes, a coating film comprising the polysilane com- 
pound can be formed. 
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[0028] Next, in the step (2) of the present invention, 
the obtained coating film is oxidized by at least either 
one of oxygen and ozone as an oxidant t convert the 
film into a silicon oxide film. 

[0029] This oxidization is carried out preferably s 
together with heat treatment, radiation treatment or 
steam treatment, more preferably together with heat 
treatment or radiation treatment These treatments may 
be carried out under normal, increased or decreased 
pressure. As for the radiation, visible light, ultraviolet w 
light, far ultraviolet light, electron beam, X-ray or the like 
can be used. 

[0030] Further, the oxidization is carried out in an 
atmosphere containing at least either one of oxygen 
and ozone. 15 
[0031] When the oxidization is carried out together 
with heat treatment, the temperature at which they are 
carried out is preferably 100 to 800° C. more preferably 
200 to 600° C, much more preferably 300 to 500° C, in 
the air. When the temperature is lower than 1 00° C, the 20 
oxidization reaction of the polysilane compound does 
not proceed sufficiently, while when it is higher than 
800°C, the film is liable to be cracked. 
[0032] When the oxidization is carried out together 
with irradiation of radiation such as ultraviolet light, the 25 
polysilane compound is converted into the silicon oxide 
coating film through the conversion of the polysilane 
compound into a strong coating film by the cleavage 
reaction of silicon-silicon bonds and the formation of sil- 
icon-oxygen bonds. 30 
[0033] The light source used in the present inven- 
tion may be a low-pressure or high-pressure mercury 
lamp, a deuterium lamp, discharge light of noble gases 
such as argon, krypton and xenon, a YAG laser, an 
argon laser, a carbon dioxide gas laser, and excimer 35 
lasers such as XeF, XeCI, XeBr, KrF, KrCI, ArF and ArCI. 
These light sources generally have an output of 10 to 
5,000 W. An output of 1 00 to 1 ,000 W is generally suffi- 
cient. The wavelengths of these light sources are not 
limited to a particu lar range as long as they can be more 40 
or less absorbed by the coating films of the cyclic silicon 
compound and the optically ring-opened silicon com- 
pound but are preferably 170 to 600 nm. Further, the 
use of laser light is particularly preferable from the view- 
point of the efficiency of conversion into the silicon film. 45 
The temperature at which these lights are irradiated is 
preferably from 1 5 to 500° C and can be selected within 
this temperature range as appropriate according to the 
properties of the obtained silicon oxide film. 
[0034] A silicon oxide film can be formed by the so 
process of the present invention. The process of the 
present invention keeps production costs low because it 
does not require expensive apparatus such as vacuum 
apparatus. Further, when radiation such as ultraviolet 
light is irradiated, an oxidization reaction can occur uni- 55 
fbrmly in minute portions, thereby making the texture of 
the film uniform and compact. Further, since th proc- 
ess of the present invention is capable of causing the 



oxidization reaction at low temperatures, unlike the con- 
ventional process which requires heating at high tem- 
peratures of 400° C or higher, it rarely limits the kinds of 
substrates that can be selected. Furthermore, when 
radiation such as ultraviolet light is selectively irradiated, 
it is possible to selectively form a silicon oxide film in the 
cured film of a silicon-containing organic compound. 
That is, it is possible to form thin film portions formed of 
the silicon oxide film in any pattern by varying the thick- 
ness of the insulating film appropriately. 
[0035] The substrate used in forming the silicon 
oxide film of the present invention is not particularly lim- 
ited in kind. As the substrate, in addition to commonly 
used quartz, borosilicate glass and soda glass, there 
can also be used metal substrates such as gold, silver, 
copper, nickel, titanium, aluminum, tungsten and silicon; 
and glass and plastic substrates covered with these 
metals. 

Examples 

[0036] The present invention will be descrfoed in 
detail with reference to the following Examples. The 
present invention, however, shall not be limited to these 
Examples in any way. 



Synthesis Example 1 

[0037] The inside of a 2-liter four-neck flask 
equipped with a thermometer, a condenser, a dropping 
funnel and an agitator was substituted with an argon 
gas, 1.5 liters of dried tetrahydrofuran and 27.4 g of 
metal lithium were then charged into the flask, and the 
content of the flask was bubbled with an argon gas. 
While this suspension was cooled with ice under agita- 
tion, 500 g of diphenyldichlorosilane was added through 
the dropping funnel. The reaction was continued until 
the metal lithium completely disappeared. Thereafter, 
the reaction mixture was poured into ice water to precip- 
itate the reaction product This precipitate was sepa- 
rated by filtration and washed fully with water and then 
with cyclohexane. Further, this crude product was 
recrystallized from ethyl acetate to give 216 g of unde- 
caphenylcyclohexasilane. Its structure was checked by 
TOF-MS, NMR and IR. Then, 200 g of dodecaphenylcy- 
clohexasilane and 2,500 ml of toluene were charged 
into a 1 -liter flask, 5 g of aluminum chloride was added, 
hydrogen chloride was introduced while the flask was 
cooled with ice, and the reaction mixture was con- 
densed under reduced pressure in an argon atmos- 
phere to give 92 g of a solid reaction mixture. This crude 
product was purified in an argon atmosphere by solid 
distillation under reduced pressure to give 75 g of a 
chlorinated cyclosilane. This was found to be Si 6 CI 12 by 
MS, ^Si-NMR and IR spectra. Sixty six grams of the 
thus-obtained dodecachlorocyclohexasilane was dis- 
solved in a mixed solvent of ether and toluene, and 1 
equivalent of a lithium aluminum hydride was added per 
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chlorine atom in an argon atmosphere while the mixture 
was cooled with ice to cause a reduction reaction. The 
aluminum compound produced by the reaction was 
removed to give 18 g of the reduced sifane compound. 
This was found to be Si6H 12 by MS. 29 Si-NMR and IR 
spectra. 

Synthesis Example 2 

[0038] The re crystallization mother liquor of the 
dodecaphenylcyclohexasilane of Synthesis Example 1 
was furtherpurified by the method of chromatography to 
give 55 g of decaphenyfcyolopentasilane as a side prod- 
uct. Using this side product, 25 g of decachloropentasi- 
lane was obtained under the same reaction condition as 15 
in Synthesis Example 1. The decachloropentasilane 
was reduced to give 6 g of cycbpentasilanefSigHto). 
The production thereof was checked by MS. 29 Si-NMR 
and IR spectra The MS spectrum thereof is shown in 
Fig. 1 . 



Synthesis Example 3 

[0039] The inside of a 3-liter four-neck flask 
equipped with a thermometer, a condenser, a dropping 
funnel, and an agitator was substituted with an argon 
gas, 2 liters of dried tetrahydrofuran and 75 g of metal 
lithium were then charged into the flask, and the content 
of the flask was bubbled with an argon gas. While this 
suspension was agitated at 0° C, 500 g of phenyltrichlo- 
rosilane was added through the dropping funnel. The 
reaction was continued at 0°C until the metal lithium 
completely disappeared and, thereafter, the content of 
the flask was further agitated at room temperature for 
12 hours. The dark-brown reaction mixture was poured 
into ice water to precipitate the reaction product. This 
precipitate was separated by filtration, washed fully with 
water and vacuum dried to give 21 0 g of a phenyl group- 
containing polycyclic silicon compound. A hundred fifty 
grams of the phenyl group-containing polysilane com- 
pound was caused to be suspended in 2 liters of tolu- 
ene. 5 g of aluminum chloride was added thereto, and a 
dried hydrogen chloride gas was then introduced until 
the reaction system became transparent. After the com- 
pletion of the reaction, the aluminum compound was 
removed therefrom. Thereafter, the solvent was sepa- 
rated by distillation under reduced pressure to give 85 g 
of the crude product of the chlorinated polycyclic silicon 
compound from which the phenyl group had been 
removed. This chlorinated compound, without purifying 
it, was dissolved in a mixed solvent of 250 ml of diethyl 
ether and 250 ml of toluene in an argon atmosphere. 
Fifteen grams of a lithium aluminum hydride was added 
to the resulting mixture while the mixture was agitated at 
0° C. The mixture was agitated for another 3 hours. 
Thereafter, the mixture was gradually heated to room 
temperature and agitated for another 6 hours. The alu- 
minum compound was separated from the reaction mix- 



to 



20 



ture by filtration, and the filtrate was condensed and 
purified to give 21 g of the target hydrogenated polysi- 
lane compound (Si 6 H 6 ). The MS spectrum thereof is 
shown in Fig. 2. 

Example 1 

[0040] A solution was prepared by dissolving 4 g of 
the hydrogenated polysilane obtained in the above Syn- 
thesis Example 1 in 10 g of toluene. This solution was 
spin-coated on a quartz substrate on which gold had 
been vapor-deposited in an argon atmosphere, dried at 
1 50° C in the air, and thermally decomposed at 500°C in 
the air to give a silicon oxide film having a film thickness 
of 750 angstrom. This film was a good film on which no 
film abnormalities such as cracks were observed. When 
this silicon oxide film was subjected to surface composi- 
tion analysis by ESCA, only silicon atoms were 
detected. Further, since the energy in the 2p orbit of this 
silicon was 1 04e V, the film was found to be an Si0 2 film. 

Example 2 



[0041] A silicon compound solution was prepared 

25 by dissolving 5 g of the hydrogenated polysilane 
obtained in the above Synthesis Example 3 in 10 g of 
tetrahydro naphthalene. This solution ink was pattern- 
coated on a quartz substrate on which gold had been 
vapor-deposited in an argon atmosphere by using an 

30 ink-jet head comprising a piezoelectric element. This 
substrate was dried at 150° C in the air, thermally 
decomposed at 500° C in the air, and irradiated with 
ultraviolet light from a 500-W high-pressure mercury 
lamp in the air for 10 minutes to give a silicon oxide film 

35 having a film thickness of 450 angstrom. This film was a 
good film on which no film abnormalities such as cracks 
were observed. When this silicon oxide film was sub- 
jected to surface composition analysis by ESCA, only 
silicon atoms were detected. Further, since the energy 

40 in the 2p orbit of this silicon was 104eV, the film was 
found to be an Si0 2 film. 

Example 3 

45 [0042] A solution was prepared by dissolving a mix- 
ture of 2 g of the hydrogenated polysilane compound 
obtained in the above Synthesis Example 1 , 2 g of the 
hydrogenated polysilane compound obtained in Synthe- 
sis Example 2 and 2 g of the hydrogenated polysilane 

so compound obtained in Synthesis Example 3 in 12 g of 
toluene. This solution ink was dip-coated on a polyimide 
film in an argon atmosphere. The solvent was removed 
from the substrate, which was then dried at 100° C to 
obtain a hydrogenated polysilane film having a film 

55 thickness of 1,500 angstrom. This polysilane film was 
irradiated with an XeCI excimer laser having a wave- 
length of 308 nm at an intensity of 300 mJ/cm 2 in the air 
to give a silicon oxide film having a film thickness of 
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1,400 angstrom. 

[0043] This film was a good film on which no film 
abnormalities such as cracks were observed. When this 
silicon oxide film was subjected to surface c mposition 
analysis by ESCA, only silicon atoms were detected. 5 
Further, since the energy in the 2p orbit of this silicon 
was 1 04eV, the film was found to be an SiOj film. 

Example 4 

10 

[0044] When the etching speed (at the ratio 
HF/H 2 0 of 1/200) of the silicon oxide film obtained in 
Example 1 was measured, it was 200 angstrom/min. In 
this regard, when the silicon oxide film prepared by the 
sol-gel process in Comparative Example 1 was etched 15 
under the same condition, the etching speed was 500 
angstrom/min. 

Comparative Example 1 

20 

[0045] The silanol compound obtained by partially 
hydrofyzing a tetraethoxysilane in ethanol and heated to 
be in a sol state was spin-coated on a quartz substrate 
on which gold had been vapor-deposited. The substrate 
was then heat-treated at 200° C for an hour to obtain a 25 
3,000-angstrom silicon oxide film. The film had a 
number of fine cracks. 

[0046] As has been detailed, according to the 
present invention, there is provided a process for form- 
ing a silicon oxide film by employing a new material and 30 
process using the addition reaction of oxygen, which is 
different from a process for forming a silicon oxide film 
by a condensation reaction such as the conventionally 
used sol-gel process. Further, by oxidizing a precursor 
film formed from a polysilane compou nd not by the dep- 35 
osition from a vapor phase as in the conventional CVD 
process but by a coating process, the film can be con- 
verted into a silicon oxide film having uniform and com- 
pact texture at low costs. 

[0047] In the present invention, unlike the conven- 40 
tional CVD process, the generation of powder at the 
time of forming a silicon oxide film can be prevented and 
no expensive apparatus is required because it does not 
employ a large-scale vacuum process. Further, accord- 
ing to the present invention, a film can be easily formed 45 
on a substrate with a large area, and since a pattern 
which is directly pattern-coated using an ink-jet process 
or the like can be converted into a silicon oxide film, a 
silicon oxide film pattern can be formed without going 
through processes of photolithography and etching, so 
Consequently, it is made possible by the present inven- 
tion to produce semiconductor devices such as LSI, 
thin-film transistor, photoelectric converter, photosensi- 
tive body and the like by an energy-efficient process. 

55 

Claims 



ing: 

(1) forming a coating film from a polysilane 
compound represented by the formula Si n R m 
(wherein n is an integer of 3 or more, m is an 
integer of n to 2n+2, and a plurality of R's inde- 
pendently represent a hydrogen atom or an 
alkyl group), and 

(2) oxidizing the coating film by at least one oxi- 
dant selected from the group consisting of oxy- 
gen and ozone to convert it into the silicon 
oxide film. 

2. The process of claim 1 , wherein the formation of the 
coating film from the polysilane compound in the 
step (1) is conducted using a solution composition 
obtained by dissolving the polysilane compound in 
a solvent 

3. The process of claim 2, wherein the solvent is at 
least one selected from the group consisting of 
hydrocarbon solvents, ether solvents and aprotic 
solvents. 

4. The process of claim 1 , wherein the oxidization of 
the coating film in the step (2) is conducted together 
with heat treatment, radiation treatment or steam 
treatment. 

5. The process of claim 1, wherein the oxidization in 
the step (2) is conducted while heat treatment is 
conducted in the air at temperatures of 100 to 800° 
C. 

6. The process of claim 1 , wherein the oxidization in 
the step (2) is conducted while radiation is irradi- 
ated in the air at temperatures of 15 to 500° C. 



1. A process for forming a silicon oxide film, compris- 
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